To determine risk factors for clinically significant progression during 12 months in patients with mild-to-moderate Alzheimer disease.
• Four major domains of clinical assessment-cognitive, behavioural, functional, and global-could be used as a tool by clinicians to identify high-risk people who should be closely monitored.
• This information could be clinically useful as well as useful for pharmacoeconomic and service delivery planning.
Limitations
• The outcome is based on a single time point only, allowing for possible bias due to rare events.
• The patients were solely community-dwelling, with mild-to-moderate Alzheimer disease.
• Owing to the nature of the recruitment process, more actively treated patients may have enrolled in the study.
A lzheimer disease is a progressive neurodegenerative disorder associated with cognitive, functional, and behavioural disturbances. 1, 2 Owing to loss of ability to perform ADLs as the disease progresses, increased cost and caregiver burden are associated with increasing illness severity. 3, 4 The Alzheimer Society of Canada reported that 63% of dementia patients were affected by Alzheimer disease, making it the most common form of dementia in the nation. The prevalence of Alzheimer disease is expected to more than double from 303 878 in 2008 to 770 811 in 2038. 5 Globally, the number of patients with Alzheimer disease account for 92% of the entire dementia population, 6 and Brookmeyer et al 7 estimated an increase in number of patients with Alzheimer disease from 26.6 million in 2011 to 106.2 million by 2050.
Past studies have noted a wide range of variation in the course of disease progression across patients with Alzheimer disease. 8, 9 Numerous risk factors were found to be related to the differential rate of Alzheimer disease progression, including age of onset, 10, 11 sex, 8, 12 epsilon 4 allele of the apolipoprotein E gene, 13 level of education, 14 baseline and change in MMSE score, 10 aphasia, 15, 16 visuospatial processing, 17, 18 neuropsychiatric symptoms, 19 hallucinations, 20 use of APs, 21 and ChEI use. 8, 22 Being able to estimate disease progression is important, clinically, so that patients at high risk of progression can be identified, as well as for economic modelling, so that impact of treatments can be estimated.
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Facteurs de risque de la progression de la maladie d'Alzheimer dans la population canadienne : l'Étude canadienne de résultat sur la démence (COSID)
Objectif : Déterminer les facteurs de risque de la progression cliniquement significative durant 12 mois chez des patients souffrant de la maladie d'Alzheimer bénigne à modérée.
Méthode : Des patients résidant dans la communauté et souffrant de la maladie d'Alzheimer bénigne à modérée ont été inscrits dans une étude prospective de 3 ans, l'Étude canadienne de résultat sur la démence (Canadian Outcomes Study in Dementia ou COSID), dans 32 sites au Canada. Les évaluations comprenaient l'Échelle de détérioration globale (GDS) pour la sévérité de la maladie, le Mini-examen de l'état mental (MMSE) pour la cognition, le Système de mesure de l'autonomie fonctionnelle (SMAF) pour le fonctionnement quotidien, et l'Inventaire neuro-psychiatrique (NPI) pour le comportement, mesurées au départ et à 12 mois. La régression logistique a identifié des facteurs associés à la baisse de la GDS, et une régression subséquente progressive a identifié des prédicteurs clés indépendants. La surface sous la courbe (AUC) a ensuite été calculée pour le modèle.
Résultats :
Parmi les 488 patients (âge moyen 76,5 ans [ ET 6, 4] , MMSE 22, 1 [ET 4, 6] , 44,1 % d'hommes), 225 (46 %) présentaient une baisse de la GDS. Après correction pour l'âge, les facteurs de risque de détérioration au départ incluaient ce qui suit: une moins bonne cognition (score plus faible au MMSE, RC 0,55; IC à 95 % 0,4 à 0,72 par 5 points, P ≤ 0,001), une plus grande dépendance (score plus faible au SMAF, RC 0,72; IC à 95 % 0,63 à 0,83 par 5 points, P ≤ 0,001), et plus de symptômes neuropsychiatriques (score plus élevé au NPI, RC 1,11; IC à 95 % 1,02 à 1,2 par 5 points, P = 0,02), avec un effet protecteur du sexe masculin (RC 0,59; IC à 95 % 0,39 à 0,9, P = 0,02), et un score plus élevé (pire) à la GDS (très bénin, comparé à bénin RC 0,25; IC à 95 % 0,09 à 0,70, P ≤ 0,01; comparé à modéré, RC 0,08; IC à 95 % 0,03 à 0,23, P < 0,001; comparé à modérément grave, RC 0,03; IC à 95 % 0,01 à 0,11, P < 0,001). L'AUC était de 73 % (P < 0,001) (sensibilité 90 % et spécificité 33 %).
Conclusion : La progression de la maladie d'Alzheimer au Canada peut être prédite à l'aide de l'information clinique facilement disponible. Although all of these factors may correlate with Alzheimer disease progression, results have varied, and most studies examined patient populations from the United States and other countries. Further, many of those populations were unmedicated, having been conducted prior to the widespread availability of cognitive-enhancing drugs, such as ChEIs. As such, the magnitude and specific risk factors for disease progression in a Canadian population, with differences in health care funding and availability of services and cognitive-enhancing drug reimbursement, may differ. In our study, a large cohort of patients with Alzheimer disease across Canada was investigated prospectively, with detailed demographic data and commonly administered clinical measurements. The objectives of our analysis were to prospectively quantify the expected decline in a Canadian population with Alzheimer disease, and to determine factors that predict high risk of clinically significant progression over the next 12 months.
Methods
Study and Subjects
COSID was a 3-year prospective observational study that was conducted at 32 sites in major regions across Canada (British Columbia, the Prairies, Ontario, Quebec, and Atlantic Provinces) by investigators specializing in geriatric medicine, geriatric psychiatry, neurology, and family medicine, with special interest in geriatrics. Our study was approved by local review ethics board, and signed informed consents from both patients and caregivers were obtained. Detailed procedures were reported previously. 23 In this specific analysis, only patients diagnosed with Alzheimer disease and with 12-month, follow-up data were included. The diagnosis of Alzheimer disease was based on the criteria of the National Institute of Neurological and Communicative Diseases and Alzheimer Disease and Related Disorders Association criteria. 24 Other inclusion criteria were age 60 years or older, not residing in a senior's residence or long-term care facility, and a GDS of 5 or less at the baseline. 25
Predictors
Assessments were completed at baseline and at 12 months using the MMSE, SMAF, NPI, and GDS. The MMSE is a screening tool for assessing cognitive function. The resulting score ranges from 0 to 30, with lower values indicating more severe cognitive impairment. 26 The SMAF, which measures the functional ability of people, was developed according to the World Health Organization classification of disabilities. The scale measures functional ability in 5 areas: ADLs, instrumental ADLs, mobility, communication, and mental function. Each of the 29 items is scored on a 4-point scale, from 0 (independent) to -3 (dependent), such that lower (more negative) scores indicate greater dependence. 27 The NPI is a caregiver-based interview that assesses 10 behavioural areas 28 (delusions, hallucinations, agitation, dysphoria, anxiety, euphoria, apathy, disinhibition, irritability, and aberrant motor behaviour), with higher scores indicating more severe and (or) frequent neuropsychiatric symptoms. The GDS, which we used to measure the severity of the disease, is validated and reliable, and scores range from 1 to 7 in order of increasing severity, from no obvious deficits to profound or end-stage disease. 25 We collected background demographic information at baseline, including: age, sex, disease duration, cardiovascular risk score, level of education, and the use of any psychotropic (APs, ADs, sedative or hypnotics, and ChEIs). ChEIs included donepezil, galantamine, or rivastigmine. Memantine was not readily available in Canada at the time of our study. A cardiovascular burden score was determined, representing the sum of the number of cardiovascular issues (range 0 to 7) reported from among the following: angiopathy, aortic aneurysm repair, aortic bypass, aortic valve replacement, cardiac pacemaker insertion, coronary artery bypass, and mitral valve replacement.
Outcome Measures
We used the GDS as the primary outcome measure of our study. The GDS is a 7-point, ordinal scale that considers cognitive, functional, and behavioural factors, which makes it useful for assessing clinically significant deterioration of patients with Alzheimer disease. 25 This was considered a more comprehensive and clinically relevant marker of change than for example, the MMSE by itself. Progression was defined as a decline by 1 or more points on the GDS during the year of observation.
Statistical Analysis
Baseline characteristics were summarized and compared between the subjects who progressed, from baseline to month 12, using the Wilcoxon test for numeric characteristics and the chi-square test for categorical characteristics. Logistic regression was used to examine the multivariate association between probability of GDS progression and all predictor variables, regardless of the level of significance in the oneat-a-time analyses. As many of the predictor variables in the full model were strongly correlated, stepwise regression analysis was then used to produce a more parsimonious reduced model (with significance levels of 10% to enter and then to leave the model). Age was included in all models so that the influence of other predictors would be adjusted for age.
The adjusted odds ratios, from both the full and reduced models, are presented, along with their 95% confidence intervals. The strength of the multivariate association shown between GDS progression and the predictors of the reduced model is quantified by the AUC from the receiver operating characteristic curve and by the specificity achieved a minimum sensitivity of 90%. In general, these analyses should be interpreted descriptively as they do not account for issues of multiple testing during the modelling process. The analyses were conducted using SAS-STAT software, version 9.3 (SAS Institute Inc, Cary, NC). Figures were produced in R 29 using the rms 30 and ggplot2 31 packages.
Results
Baseline Characteristics and Overall Change in Scores
From the original cohort of patients (n = 904), 23 
Univariate Analysis
The one-at-a-time analysis compared patients who progressed with patients who did not progress for each of the selected variables. Age, baseline MMSE score, baseline SMAF total scores, and baseline NPI total scores were found to be significantly different between the groups (Table 1) .
Multivariate Analysis
The effect of GDS on MMSE, SMAF, NPI, and age were plotted in Figure 1 . Table 3a and Figure 2a show the model results including all the predictors based on the multivariate analysis. The reduced model from stepwise logistic regression, shown in Table 3b and Figure 2b , demonstrated statistically significant baseline risk factors which, after adjusting for age, included: poorer cognition (lower MMSE score 0.55 per 5 points; 95% CI 0.4 to 0.72, P < 0.001), greater dependence (lower SMAF, 0.72 per 5 points; 95% CI 0.63 to 0.83, P < 0.001), and more neuropsychiatric symptoms (higher NPI, 1.11 per 5 points; 95% CI 1.02 to 1.2, P = 0.02), with a protective effect of male sex (OR 0.59; 95% CI 0.39 to 0.9, P = 0.02), and higher baseline GDS score (mild, compared with very mild, 0.25; 95% CI 0.09 to 0.69, P = 0.007; moderate, OR 0.08; 95% CI 0.03 to 0.23, P < 0.001; or moderately severe, OR 0.03; 95% CI 0.01 to 0.11, P < 0.001).The AUC was calculated to be 73% (P < 0.001), yielding a sensitivity of 90% with a specificity of 33%. The cardiovascular burden score was not included in the final model by the stepwise selection algorithm.
Discussion
Almost one-half of the patients with Alzheimer disease in COSID had a clinically meaningful deterioration, as measured by the GDS, during 12 months. On average, this group of treated patients worsened by 2.26 points on the MMSE and by 1.73 points on the NPI. The risk factors for GDS deterioration included female sex, older age, lower baseline cognition (lower MMSE score), greater baseline dependence (lower SMAF score), higher baseline neuropsychiatric symptoms (higher NPI score), and a less severe baseline disease severity (lower baseline GDS score). As acceptable AUC values observed in literature range between 0.70 to 0.80, 32, 33 the AUC reported (73%, P < 0.001) within the range of values observed.
In our study, we found that higher age was significantly associated with increased risk for decline. Previous studies 9,34-36 have also reported this finding. This association may be due to other confounding factors associated with older age, such as comorbid chronic medical illnesses. Sona et al 35 have particularly suggested that there is a correlation between rapid cognitive decline and the baseline age of the patients. Conversely, Stern et al 37 reported an opposite association, with younger age associated with worse disease outcomes. This discrepancy may be due to the relatively younger age of that sample. As such, the impact of age on decline may depend on sample selection. Importantly, the COSID cohort was representative of the average patient with Alzheimer disease in Canada, based on comparisons to the CSHA. 38 Several factors emerged as being significant predictors of decline in our study. Being female was associated with a 1.68-fold increase in the risk of any GDS score decline. Numerous previous studies 10, [34] [35] [36] 39 have reported a similar impact of being female on risk of deterioration, although some research indicated that there was no significant relation between sex and disease progression. 40, 41 This difference in disease progression between males and females may be due to hormonal differences, 42 as well as psychosocial issues associated with differing roles. 43 Thus these cognitive findings are consistent with other treated populations. In addition, past studies have shown that untreated patients have a significantly higher risk of rapid cognitive deterioration. Gillette-Guyonnet et al 22 reported the risk of rapid cognitive deterioration was increased by 46% for untreated patient groups, compared with ChEI-treated groups, with 47.5% of the untreated patients having a decline of more than 3 points on the MMSE within 12 months. As expected, our population showed less decline than untreated populations, consistent with 86.7% receiving ChEIs. Several studies of Alzheimer disease progression have been conducted using MMSE as the outcome measure. Most of those studies 8, 20, 36, 37, 40, [44] [45] [46] found a strong relation between lower baseline MMSE and worse disease outcomes. Among those studies, the baseline MMSE ranged from 17.6 to 25.2. In our study, the baseline MMSE was 22.05, which is consistent with the range found in other studies.
Similarly, the population showed a worsening of behaviour, with a mean increase of 1.73 points on the NPI, and this is consistent with other studies. For example, Gillette-Guyonnet et al 43 reported in their prospective longitudinal study that the NPI score of patients with Alzheimer disease worsened by 1.5 points annually. Previous studies have also shown correlations between higher baseline NPI scores and worse Alzheimer disease outcomes. 34, 39 In particular, neuropsychiatric symptoms, such as psychotic symptoms, 47 apathy, 48 and depression, 49 have previously been associated with steeper declines. The presence of these symptoms has been linked with differing underlying neurobiology 50, 51 and may indicate more widespread pathology.
Greater dependence at baseline, as measured by the SMAF, was also associated with worse Alzheimer disease outcome. Previously, the PSMS, which examines 6 different functional abilities, was shown to be correlated with disease progression. 36 PSMS shares similarities with the SMAF in terms of their areas of measurement. In addition, previous studies 52, 53 have shown that worsening of the PSMS is correlated with cognitive decline. This was consistent with the result from the COSID population as the patients with greater baseline dependency (such as not easily eating and dressing shown on the SMAF) were more likely to progress in the next 12 months. 
Figure 2 Adjusted odds ratios for GDS progression, with 70% to 99% confidence intervals 2a Adjusted odds ratios from the full model
For continuous variables, ORs ˃ 1 indicate that higher scores are associated with greater risk of progression, for example, greater age means greater risk of progression, while ORs < 1 indicates that lower scores are associated with greater risk of progression, for example, lower MMSE score (more severe) means greater risk of progression, lower SMAF (more negative indicates more dependence) means greater risk of progression.
For dichotomous variables, ORs ˃ 1 indicate greater risk in the comparison versus reference group, for example, AP use (yes) is associated with greater risk of progression, while ORs < 1 indicate less risk in the comparison versus reference group, for example, being male is associated with less risk than the reference group (female). For continuous variables, ORs ˃ 1 indicate that higher scores are associated with greater risk of progression, for example, greater age means greater risk of progression, while OR < 1 indicates that lower scores are associated with greater risk of progression, for example, lower MMSE score (more severe) means greater risk of progression.
For dichotomous variables, ORs < 1 indicate less risk in the comparison versus reference group, for example, being mild (worse) on the GDS is associated with less risk than the reference group (very mild). Adjusted odds ratios and 95% confidence intervals from the reduced logistic regression models for prediction of GDS progression model after stepwise model selection (that is, stepwise regression with significance levels to stay and exit set to 0.10) a SMAF is scored to produce negative scores with scores closer to zero indicating less dependence.
GDS = Global
In contrast, the GDS indicated that patients with very mild baseline disease severity were 1.38 times more likely to decline, from very mild impairment to moderate or severe impairment, by the end of the year. Given the inclusion criteria of the study (mild Alzheimer disease with GDS ≤ 5), we did not expect a large number of people to progress to the more severe range during the course of 1 year. The higher risk of decline in patients with very mild disease at baseline may seem surprising. A possible explanation for this finding could be the nonlinear progression of Alzheimer disease, or that the GDS was not as sensitive to disease progression at an advanced stage of deterioration. Owing to this possible ceiling effect, there may be some sensitivity limitations when using GDS as a staging instrument for more advanced Alzheimer disease. Because of this, we did not require GDS to have a linear progression in statistical analyses and attempted to reduce the impact of bias by adjusting for baseline differences and other prognostic factors. Additional regressions using baseline GDS level as a categorical predictor to account for the nonlinearity of the GDS progression had little impact on the final model. Specifically, the baseline MMSE, SMAF, and NPI were still strongly predictive of decline in GDS. In addition, lack of sensitivity on the part of the GDS can be overcome by considering other scales measuring function, neuropsychiatric symptoms, and cognition, 54 as was done here. Taken with the finding on SMAF, the high-risk population are characterized as those who are still very mild on the GDS, but showing initial losses of instrumental ADLs.
Some predictors correlated with disease progression in previous research were not significant in our study, such as the level of education, disease duration, and the use of concomitant medications. Education data indicated that most participants had a grade school or high school education. With only 27% of the sample educated beyond high school, the 6% difference in the proportion of highly educated patients who progressed was not statistically significant. Disease duration had a fairly small range, as patients were recruited specifically to be in the mild-to-moderate range. ChEIs, which are modestly effective for Alzheimer disease symptoms, 55 were also dropped from the models. This finding is likely related to almost every patient receiving therapy with a ChEI (87%), and consistent with their role as symptomatic rather than disease-modifying therapy. In addition, as the study was not randomized, selection bias in administering medications cannot be ruled out. It is possible that when our study was conducted, shortly after the initial introduction of these drugs to Canada, the drugs were given preferentially to more rapidly progressing or high-risk patients, whereas it was not given to the patients who were considered to be relatively stable.
There are several limitations to our study. The generalizability of the data in COSID needs to be considered. Owing to the nature of the patient recruitment process, all the data were acquired from dementia specialists who may have enrolled more actively treated patients or patients who are different clinically from patients with Alzheimer disease in primary care. There may have been differences between patients who were willing to participate in our study and ones who were not. COSID did not collect data on the number of eligible patients at each site who did not provide consent. Specific data on the level of patient support and social engagements were also not collected, although only outpatients in the community or living at home were recruited into the study as part of the inclusion or exclusion criteria. The data used for analyses included 53% of the original 3-year COSID group: 20% were excluded on the basis of diagnosis (non-Alzheimer disease), and the remaining 33% of patients did not have complete information at baseline and (or) at 1-year follow-up. A 1-year follow-up time point was chosen owing to patient attrition as incomplete data could not be used for regression analyses. Despite these factors, demographic features between excluded patients and the 488 included patients were similar (data not shown). Further, as the COSID sample has similar baseline characteristics to the CSHA, 38 a population-based Canadian cohort, the study population may still be broadly representative of a population with Alzheimer disease, which strengthens the generalizability of our study. Finally, as the GDS may not be very sensitive to Alzheimer disease progression at advanced stages of deterioration, it should be used in conjunction with other measures of Alzheimer disease progression. The relatively low specificity of our model (33%) may give greater number of false positives; however, high sensitivity (90%) allows for clinicians to err on the side of caution so that patients will be followed more closely and, it is hoped, with more aggressive intervention.
The strengths of our study are that COSID employed one of the largest prospective dementia databases in Canada, and the analyses included clinically accessible predictors and clinically meaningful outcome measurements that can be applied to real-world settings. While previous research has outlined expected progression and predictors of progression for patients with Alzheimer disease, the circumstances for Canadian patients have changed since that time; ChEIs were introduced and evidence-based treatment guidelines for Alzheimer disease have recommended their use as standard of practice for mild, moderate, and severe Alzheimer disease. 56 The COSID study was designed to include large numbers of dementia patients across Canada with longitudinal data. This cohort was assembled when all 3 ChEIs, as well as memantine, were available, and the standard of care for patients with Alzheimer disease has not changed significantly since that time. Various domains of clinical measurements predictors were considered in the analysis, including cognitive, functional, and behavioural characteristics, that are thought to play important roles in the progression of Alzheimer disease. No previous models have assessed the impacts of all 4 domains of measurements on the progression of Alzheimer disease at the same time.
Conclusion
Using readily available clinical information, our model characterized Alzheimer disease progression in a Canadian population with acceptable accuracy. While on average, almost one-half of mild patients will have a meaningful decline during 1 year, variability is large and can be predicted based on risk factors. As the prevalence of Alzheimer disease is high and expected to increase dramatically in the future in Canada, the characterization and identification of the risk factors in the Canadian population is urgently needed to establish appropriate health care planning.
